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ABSTRACT: The work aims to explore the influence rule of steel bead damage on the surface roughness and hardness of bear-
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ing rings under strengthened grinding process. Single variable method was used to change the steel bead’s cycle index and 11
bearing ring workpieces were respectively processed by strengthened grinding. The surface morphology, roughness, hardness
and cross sectional morphology of workpiece specimens and steel bead were tested by field emission scanning electron micros-
copy respectively, roughness measuring instrument and Rockwell hardness apparatus. Then the relationship between surface
roughness and hardness of workpiece and damage of steel bead was analyzed. The steel bead damage evolved from mi-
cro-pitting to up-warping and loosened damage with the increase of recycle index of steel bead when the technological condi-
tions kept unchanged and the surface roughness and hardness increment of workpieces also declined. Within 150 cycles, the
surface damage of steel bead was mainly micro-pitting corrosion with minor damage and the thickness of strengthened layer, the
average surface roughness and hardness of the workpiece obtained from the processing are over 50 pum, 1.2~1.6 pm and
1~1.3HRC respectively. After over 150 cycles, the steel bead damage evolved from upturned microparticles and thin sheets to
loosened surface defects with further damage. Furthermore, the thickness of the workpiece strengthened layer obtained by ma-
chining was less than 50 um and the average surface roughness decreased linearly from 1.2 pm to 1.0 pm, while the surface
hardness increment was between 0.06HRC and 0.6HRC. The steel bead recycle index should not be more than 150 times under
the condition of this experiment. Otherwise, the increment of surface roughness and hardness on processed workpieces decreases
obviously.

KEY WORDS: strengthened grinding; steel bead damage; cycle index; surface roughness; surface hardness; strengthened layer
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O—Center axis of centerless fixture; O’—Axle center of
bearing ring; 1—Abrasive high pressure sprinkler; 2—Bearing
ring; 3—Electromagnetic sucker; 4—Right support;
5—Left support; 6—Nitrogen nozzle
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Fig.1 Principle of strengthened grinding processing
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Tab.1 Technological parameter and abrasive mix of strengthened grinding processing experiment
o . Rotation Partiality Nitrogen jet
Procedure  Jet pressure/MPa  Jet angle/(°)  Jet distance/mm rate/(r-min ™) distance/mm pressure/MPa
Set-point 0.6 45 50 100 0.45 0.4
Element Corundum (100#) Steel bead (2 mm) Triethanolamine Extrusion additive
Weight/g 200 2500 25 100
xR 2 BRI AN B IR AR BE R B 5
Tab.2 Material properties and composition of steel bead and bearing outer ring specimen
Hardness Yield limit/  Young's o o o . o o
Property (HRC) MPa modulus/GPa Cr/% C/% Mn/% Si/% 0/% Fe/%
G10 Steel bead 63~65 1844 220 1.50~1.55 1.05~1.08 0.30~0.41 0.35~0.43 4.23~4.42 Bal.
Bearing outer ring 60~61 1744 217 1.72~1.76  0.93~1.00 0.20~0.30 0.03~0.07 3.99~4.13 Bal.

114> 6207 BRIGERFARSME (4058 1—11)
HEATSRALAT S N TS0, AR BEIR PR 25 VR Al R 52
BB T o SR FH B —AR vk, S 50HT i T
CENERBRAL ) 47 F —4MB I T, LARUEREAS S R
TR, BFERRIRSAHE . 25K TIME3030 kS
JE IR AURT HR-150A & [RAFEETE, XHITAT. 5/
i R 2 ] 2 TR P R T AR R AT o, DA o
RIS N T8RS [FIE, SR & S 4 i+ W s
LI I OIE 5, BERR 25 IR B ALE— BN ER AL
TN VS A 8 S 7 T - BT

2 REERSHH

2.1 WMERBMB TS

W 2 fros, R T 2%, BEETEFE
YRR, AWBR R i 0 05 A P L B 2 e (R FR
FI 150 LA, #BRR LA AR o 2, idife
JERE . HEIE UK 175 Y= 200 Y,
BRI A5% 7 ) P R MOORE R S AL 9, 47
PRI ; JEFRMEE TS 200 YT, Nk T 0 1 30
KREGRRE, N REE TR, TRANIENT, K
A TREIE O R, B BRI AR AL D o XN
N, BERE PGS OCRA I, Bk 1B DR T 3T
FERRER AR 39, WA T AR T Y e %
/b, HET AT RE AT RO T BB PRSI BN,
RCR TR

2.2 HRSMEIREAEEEEWL

Bifi 5 A R B P OB 3 o, o i R
Pl 7 BORLRS B2 R 2248 TR (Kl 3), W
BRUAFR 25 K& 125 W, MR ERE RV HH
BEREZIN 1.2 pm, TEFRHEIT 150 e, M TrisER
TP APRERE B2 ) R 2t R R #s, W 1.2 pm FRER
1.0 um,

ALY A7 B SR, #EWI R AIF S B 1T LA AR 2 )
H I EL 4/ NOTEL T, BRI T LB VR S UTEI ) B
TIRE, BB IR . EMFER T 24T, bE
PEERE PR 38 n, BER 2 1 = A A ok L St v
DA SRS R Z I AL EE , REDETEE TR, A%
TSR TIOR S BER B AR — I, 5 TR 2 [H]
F18) JEE 52 22 K00 it o 22 TG 7 B2 1) B T R, PRI PR 4
MAFER S RE B BEZ 3G I, TP 138 T R, me&
AR SR AL A I T rp A SDD ) S8 N o AN, TR
SR F R B B T AR 2 RS i T, SR AL T S 1k
PINIG , HARTmRLRE 2 e RS K, Bk, B
ARG B 3G, R A S 1R ) 2 P A T
FELRS 52 52 T Rk o

MBEEFEAL AR, fEE TR, NER shag
A ATOIE] . AR SRS AR | RS R N
B R 5LA B AN R R R M AT A5 T T B RE o AEAH R
TN, WA SRR R B B r 3G, T AR
(14 B B AR B 2 38, D25 T AR s 0 A T
R RE W L, A TR AR T S B 7
B FEAGIR 25 2 125 ], ARERAL TH0 00 LG By
B, rrAEmBkiE > (LR 2b—F), HH AR Y
PRPEREAEFRTE R K. KL, P Behi R
Wk A B HEER ShRe AR, Lk R ER Y
e BN E , W RZ LI B ER
ANV FRL i By, T A A R T OT SRR B A 1.2~
1.3 um Z 8P 3. WiFEIR 150 UJn, ANER R 1 40 s
T IX K R A R Mg s R 2 (LA 2g—k ). Uik
MrBt, BIZk F B EAESh AR B K, R, BT
WA DA OBAS RIZAEAE, ANER 1A ERE B T T I,
Tl 55 I ) , % i T IR A ) R et R i 1 L PRI U
MBI IR ShRE AN ETEE T, %3 2 Rk E R Yk
ST D, SR R R 1w AR R AR Y B
IR/, (A5 3R T KRS 32 i 2 A BRI R U B
INITE=E N



Fa1 12

N TS < SNERAG O X 7R 5 L i A AT o T TR 2 RS R ) 52 ) 293 -

a fEFRoW

d FEFTSK

g TEFR1507%

j JEH225%

¢ JEFF501K

k fEH2501K

K2 AFEER IR N ERR T SEM FHOIIE 5
Fig.2 Surface SEM microstructure of steel bead samples with different cycles: a) 0 cycles; b) 25 cycles; ¢) 50 cycles; d) 75 cycles;
e) 100 cycles; f) 125 cycles; g) 150 cycles; h) 175 cycles; i) 200 cycles; j) 225 cycles; k) 250 cycles
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Fig.3 Change of the average surface roughness of workpiece
with the increasing of steel bead’s cycle index

64
&) [ Pretreatment
5 [ After treatment
E&-
=
Qo
2
< 62
£ 6l
Q
£
“ 60

0 50 100 150 200 250

Cycle index of steel bead
a fNTRTE TR R

Wt R AT PAof FH OB A 3 I, il 7R 1 U R 2
Py s A 2 A PR BE MU/, FL3R T A 2 e Bl 2
WS o TEJBFR 0~100 YR K BL, NERR HI51 05 22 B 0
B (WK 2a—e), BAMEREZAATK, HREB
Dami AR S RERA TS, AN, i TR A alae s b2
AR A6 78 3 LR BE R 80 pum, O SR IHIF- 24 A 2
it JLF AR JRFR BT 150 WR , kR0 R
B A Mg s R IR (WA 2g—k ), P
THAE A B R, I T Rris ke i AL 2R T =
50 pm LT, ZE AR ALES AR AAE AN SE 0, SRR
R, i HEER T R BE (Y AR IR o EAh,
A TR fL 2R AR T 80 um, /NI Fofd B3 4 NIl
FE Sk AR BN, i iR 224K, S BUN AT S5
RV P RE R R bR 22 A

1.50

1.25

1.00

0.75

0.50

0251

Surface hardness increment/(HRC)

"

00 50 100 150 200 250
Cycle index of steel bead

b LS AR LAY &

P 4 TS A T - A R i BRA E 0 P H O AR A1 2
Fig.4 Change of the average surface hardness of workpiece before and after processing with the increasing of steel bead’s cycle
index: a) surface hardness of workpiece before and after processing; b) surface hardness increment of workpiece after processing
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Fig.5 SEM microstructure of cross section on bearing ring specimens after processing with steel bead of different
cycles: a) 0 cycles; b) 50 cycles; ¢) 100 cycles; d) 150 cycles; e) 200 cycles; f) 250 cycles
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